Introduction
Recent improvement in the survival of very low brithweight (VLBW) infants, i.e. with birthweights < 1500g, has been well documented [14, 15, 20] . The impact of the VLBW infants on neonatal mortality is dependent both upon the incidence of VLBW infants born and upon survival of these infants. While factors related to the incidence of VLBW infants have been related to socioeconomic status, maternal health and pregnancy problems [1, 5, 7, 21] , the survival within specific birthweight (BW) categories was found to be related to perinatal care and infant maturity [4, 6, 9 -12, 16, 17, 19] .
Despite increasing numbers of Hispanic immigrants there is little information regarding the recent incidence of birth and survival of the VLBW infants among the Hispanics. Los Angeles County-University of Southern California Medical Center, Women's Hospital is a tertiary perinatal center with greater than 16000 deliveries per year. The patient population is 87% Hispanic, highly mobile, of low socio-economic status with no alternative health care resource. More than half are immigrants who speak no English.
A prospective study from January 1982 in December 1983 was done to determine the incidence and survival rate of the VLBW infants,
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separated into groups by birth weight and gestational age, and to determine causes of death as well as identify factors influencing outcome of these infants.
Methods
All inborn live births with BW 500-1500g, born between January 1, 1982 and December 30, 1983, were included in the study. Survival was determined by discharge from the nursery rather than by the neonatal period of life. Ges-tational age (GA) was determined from the first day of the last normal menstrual period (LMP). A clinical estimate of GA by the BALLARD assessment method [2] was used when LMP was unknown or varied by more than two weeks from the estimated GA.
Unless specified, all infants with death due to congenital anomalies were excluded from the analysis. Information was obtained from parent interviews, hospital records, autopsy reports and by ongoing recording of the infant's nursery course. Results were analyzed by chisquare test to compare frequency. Yates correction was used when observed frequency in one cell was less than 10. Student's t-test was used to compare means of normally distributed data.
The primary clinical cause of death was determined according to the criteria of HEINS and BROWN [9] , including: 1) Congenital anomalies, when the condition was believed to be incompatible with life or the dominant cause of death regardless of birth weight or other causes. 2) Birth weight < 750 gm without congenital anomalies, regardless of other causes. 3) Respiratory distress syndrome (RDS), when onset of respiratory distress was within 1 hour of life, required assisted ventilation and had roentgenograms compatible with diagnosis of RDS. 4) Birth asphyxia, when Apgar scores were < 5 at one and 5 minutes without stabilization. 5) Infection, when the clinical course was compatible with diagnosis and in most cases cultures or autopsy findings documented infection. Infection in our study was expanded to include viral and fungal infections as well as bacterial. 6) Intraventricular (IVH) and intracerebral hemorrhage (ICH), when diagnosed by ultrasonography and/or autopsy and when no other dominant disease such as RDS was present. 7) Others included myocardial infarction, airway obstruction, meconium ileus. Autopsy cause of death did not include asphyxia as this was most often a clinical diagnosis.
Results
During the period of the study there were 31 234 live births of whom 398 had BW 500-1500 g. These VLB W infants represented 1.3% of all live births. Survival (i. e. discharge from nursery) evaluated by BW categories of BW 500-750 g (group 1), 751 -1000 g (group 2), 1001 -1250 g (group 3) and 1251 -1500 g (group 4) is shown on figure  1 . Neonatal survival for the group as a whole was 58% and when anomalies were excluded 61%. After excluding anomalies, significant differences in survival were found between groups 1 and 2 (p < 0.001), between 2 and 3 (p < 0.001), and between groups 3 and 4 (p < 0.001).
Survival by gestational age category is shown in figure 2 . Survival was significantly different between infants born < 26 weeks and 26 -27 weeks (p < 0.001), between 26-27 and 28-29 weeks (p < 0.01) and between 30 -31 and 32 -33 weeks (p < 0.05). After 33 weeks gestation there were no differences in survival when successive GA categories were compared.
When GA and BW were combined, survival increased progressively with increase in BW and GA categories (table I) . When successive BW/ GA categories were compared, survival for infants with BW > 1000 g was not significantly affected by GA. For the group with BW 500 -750 g survival was increased if GA was > 28 weeks (p < 0.01). For the 751-1000 g BW group, survival was increased if GA was > 26 weeks (p < 0.05).
Age at death
Seventy-nine percent of infants with BW 500-750 g died within the first 24 hours, while 51% of the 751-1000 g group and only 30% of the > 1000 g group died during the same period. Although the majority of infants died in the neonatal period, eleven or 6.6% died after the neonatal period. The 6 post neonatal deaths (PND) with B W < 1000 g accounted for 5% of all nursery deaths in this B W category. However, the 5 PND with BW > 1000 g represented 17% of the deaths within this BW group. When deaths due to anomalies were removed no differences were found in survival in successive GA categories after 31 weeks gestation. -1500 129 * Survival of 26-27 week GA compared with 28-29 week GA significant at p < 0.01 ** Survival of < 26 week GA compared with 26-27 week GA significant at p < 0.05
In the infants who expired beyond the neonatal period, age of death ranged from 29 to 305 days with a median of 57 days. There were no differences in sex or racial distribution or in incidence of SGA when compared to the group as a whole. All of these PND infants had severe cardiopulmonary problems with hypo-and hypertension and/or symptomatic patent ductus arteriosus. They required ventilatory assistance for prolonged periods. Their nursery courses were very complicated. 45% and necrotizing enterocolitis, 55% had infection, 64% had seizures and 82% reqyired one or more surgical procedures. Autopsy findings showed multiple organ system pathology.
Cause of death
Clinical causes of death were immaturity (BW < 750 g) 39%, RDS 17%, asphyxia 15%, anomalies 11%, IVH/ICH 9%, infection 5% and other 4%.
Major causes of death by birth weight category are shown in figure 3 . Congenital anomalies causing death were found in 18 infants or 4.5% of the VLBW population. The incidence of lethal anomalies was similar throughout the four BW categories, however as would be expected the anomalies accounted for proportionately fewer deaths among the very tiny infants but were the major causes of death in infants with BW > 1250 g, accounting for 44% of all deaths in this weight group. Eleven (61%) anomalies affected the central nervous system: 7 infants with anencephaly, 3 with encephalocele, and 1 with hydrocephaly. Three infants had dwarf syndrome [3, 13] with asphyxiation, 3 had trisomy 18, and 1 infant had severe gastroschesis. RDS was a major cause of death in all categories of birth weight > 750 g. In infants with BW 751 -1000 g, RDS and asphyxia were major causes of death while in the 1001-1250g weight group, RDS and IVH were major causes. The proportion of deaths due to infection was similar in all BW categories > 750 g.
Clinical cause of death was evaluated by gestational age category (table II) . As expected, immaturity was found to be a major cause of death in infants < 28 weeks gestation. Congenital anomalies were a major cause of death after 31 weeks gestation. RDS and IVH were among major causes of death between 26 -33 weeks gestation. Infection was a major cause of death > 33 weeks.
Autopsy cause of death
The overall autopsy rate was 68%. The predominant causes of death remained the same (with the exclusion of asphyxia) but incidence varied. In 45% of infants immaturity was found as cause of death, in 15% anomalies, in 14% RDS, in 8% infection, in 12% IVH/ICH and in 6% other. Immaturity was found to be a cause of death in 49% of infants with B W 751 -1000 g. IVH/ICH was found with greatest frequency in infants 1001-1250g. Under 30 weeks gestation immaturity was a major contributor. RDS, infection and congenital anomalies were major causes after 30 weeks.
Factors relating to outcome
The relationship of maternal demographic, medical and pregnancy problems, perinatal and nursery factors to outcome were studies. Medical problems of maternal substance abuse and cigarette smoking were evaluated. Pregnancy history factors evaluated included: lack of prenatal care, obstetrical history of prior stillbirths, neonatal deaths, low birth weight infants or two or more spontaneous abortions. Pregnancy problems evaluated included toxemia, eclampsia, bleeding, placenta previa, abruptio and anemia, ruptured membranes greater than 24 hours. Pregnancy illness evaluated included infections (including amnionitis), hypertension, diabetes, cardiac condition, treated psychiatric problems. Of the listed factors, only one was found to differ in that mothers of non-surviving infants had greater incidence of total lack of prenatal care than mothers of survivors (p < 0.025). No other icidence differences were found between survivors and non-survivors (table III) .
Differences were found in mean BW and GA (table IV) but not in sex, incidence of small for gestational age (SGA) and multiple birth. More non-surviving infants had low 1 and 5 minute Apgars, required intubation at birth, had an initial nursery pH < 7.2, and had RDS than did survivors (table IV) .
Since so few infants < 750 g survived, further comparisons were made on the two weight groups above 750 g, i.e. 751 -1000 and 1001 -1500 g. The incidence of pregnancy factors was similar in BW groups and showed no impact on survival in either BW categories (table V). Although the incidence of no prenatal care was higher in non-surviving infants of both BW categories, differences were not satistically significant. Sixty-five or 21% of the infants with BW > 750 g were SGA. Demographic factors by BW category are shown in table VI. The incidence of SGA was higher in survivors of both BW categories but differences were not statistically significant. Differences in BW and GA were found in both BW categories with surviving infants being heavier and more mature.
The effect of the method of delivery on outcome was evaluated by comparing outcome of vaginal vertex with non-emergency C-section and with emergency C-section. Since it is the policy in our hospital to deliver VLBW breech infants by C-section, vaginal breech deliveries were excluded from analysis. Non-emergency C-section is defined as a C-Section done for inevitable Differences were not significant delivery but prior to evidence of fetal distress. No differences in outcome were found by method of delivery in the larger weight group. In the infants with BW 751 -1000 g non-emergency C-section had more favorable outcome than vaginal delivery (p < 0.05) (figure 4).
When perinatal factors were evaluated by the two weight groups, only the 5 minute low Apgar and low initial pH were significant in the infants with BW 751 -1000 g. In the larger B W infants, low 1 and 5 minute Apgar, immediate intubation for resuscitation, low initial pH and RDS were found more often in non-surviving infants.
Discussion
The contribution of the VLBW infant to neonatal mortality is dependent upon the incidence of these births and on the incidence of survival of these infants. The significant impact of social, economic, racial and maternal factors on the incidence of birth of the VLBW infant is well accepted [5, 14, 16] . Less well accepted is the impact of these factors upon the survival of these infants. We have evaluated these factors in our hospital VLBW population to determine their impact on incidence and outcome. The racial background of women delivering at LAC/USC Medical Center has changed dramatically over the past 20 years from a low socioeconomic, predominantly black population to a low socioeconomic, predominantly Hispanic population. In addition to low socioeconomic status the hispanic population is largely Spanish speaking and immigrant with few or no community supports. Despite these population differences the incidence of VLBW infants has remained below 1.5% of all births during the period of population change. Although the VLBW infants constitute a small percentage of total births, they accounted for 72% of all neonatal deaths during the two year study period.
Nursery survival was not found to be related to socioeconomic, racial, maternal or prenatal factors studied. This is in agreement with the findings of Yu and HOLLINGSWORTH in their analysis of data from 55 infants weighing < 1000 g [22] . Survival of infants with BW 500-1500 g was directly related to BW and GA. Maturity as measured by GA was more reliable than BW in determining outcome in those infants with BW < 1000 g. The prenatal prediction of B W in the infant < 1000 g has been accurate and useful in our center, while the prenatal prediction of maturity is often more difficult and less accurate. In infants with BW < 1000 g, in addition to maturity, survival was determined by their condition at birth as measured by Apgar score. When these infants were delivered by elective C-section without evidence of acidosis or depression they had better survival in our nursery.
Whereas survival was influenced by weight in all BW categories, a BW of 1000 g seemed to be a critical weight above which survival was not dependent upon method of delivery. However, gestation continued to influence survival until > 31 weeks. Infants at or less than 26 weeks gestation had a much higher mortality than those above 26 weeks. From the morphological and functional developmental point of view this is to be expected e.g. the lung will not be functional in the human of less than 26 weeks [18] . Condition at birth and need for vigorous ventilatory support were determinants of outcome.
Of particular interest are those infants who expired in the nursery after the neonatal period.
With increased capability of ventilatory support, infants who previously died soon after birth from cardiopulmonary problems now survive beyond 28 days of life. Neonatal mortality does not address this group which made up 6.6% of all the VLBW deaths in our center. HACK et al. [8] also found 14% of their VLBW infant died in the postneonatal period. Clearly this group of infants needs to be incorporated into the overall evaluated of VLBW infant outcome. The nursery course of these infants tends to be very complicated with multiple organ system involvement. This group, although small, represents a disproportionately high utilization of hospital resources. The severe protracted course with fetal outcome results in immeasurable anxiety, grief and disappointment for families and hospital staff. A decision to discontinue support for an infant where there is no reasonable hope for survival is very difficult for staff and family to make.
In summary, factors other than those in the perinatal and postnatal period do not significantly influence survival of VLBW infants. Gestational age more than birthweight appears to be the limiting factor. Although infants with BW below 1000 g delivered by elective C-section were found to have better survival in our study; nevertheless, their survival is more dependent on maturity than on birthweight. Condition of the infant at birth, prevention of asphyxia and acidosis, as well as rapid resuscitation and stabilization after birth would reduce mortality in these VLBW infants.
And finally, despite improved survival for smaller and smaller infants only the prevention of early delivery will greatly reduce the excessive morbidity and mortality and the enormous usage of hospital resources represented by this small but significant group of infants.
Summary
398 infants with birthweight (BW) 500-1500 g born from January 2 1982 to December 1983 were studied to determine incidence and survival rate by BW and gestational age (GA) categories and to determine causes of death and factors influencing mortality. 58% of the group survived. Factors other than those in the perinatal and postnatal period did not significantly influence survival. Infants with BW below 1000 g delivered by elective C-section had better survival than those delivered vaginally. Surival increased progressively with increasing BW and GA categories with GA more than BW being the limiting factor. Eleven (6.6%) of the deaths in the very low birth weight infants occurred during the nursery period after 28 days of age. These deaths would not have been addressed in the neonatal mortality.
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